knowledge of the decision-group is influenced by the level of information that is provided before and during the analysis. This knowledge becomes a critical issue in transportation studies, which mostly deals with information related to the geographicalspatial reality 14) . In this sense, AHP-GIS-RS integration generates an instrument capable to provide information and computational tools under a decision framework. Developed by Satty 15) , AHP is based on human being behavior to decide through the comparison between "objects" until reaching a decision. The comparison is related to the assignment of "weights" according to the relative importance when comparing to pre-established judgment criteria. Using a quantitative scale all the "objects" are compared leading to a prioritization and consequent decision. AHP has a simple structure that directly depends on the knowledge of the decision-group, which is reached through the obtainment of information about the problem.
Additionally, GIS capabilities contribute to provide additional information according to the needs or doubts of the decision-group. The use of RS data (aerial photographs and satellite images) reduces significantly labor-work time for those activities related to the collection of data through surveys in loco generating primary data and techniques to process spatial modeling. Hence, information / data related to the spatial location, such as land use patterns, terrain conditions, transportation system, distances and areas can be obtained and manipulated without great amount of investment in data collection 16) . This integration can be divided in four phases as shown in Figure 1 . Next, these phases are described in detail:
First Phase (Definition of hierarchical structure): concerning on the problem definition, criteria identification and alternative selection for evaluation. AHP establishes theoretical fundamentals, while GIS and RS provide data to diagnose the problem; Second Phase (Judgements of the criteria): each of the criteria is compared to the others. Decision-group judges according to the fundamental scale defined by Satty 15) , as shown in Table 1 , considering data visualized in GIS database; Table 1: Fundamental Scale for Judgments  Intensity of importance  Definition  1  Same importance  3  Small importance  5  Great importance  7  Very Great importance  9 Absolute importance 2, 4, 6, 8 Intermediary values between adjacent ones 1/x Inverse comparison 1,1 -1,9
Comparisons between two next elements Source: Saaty 15) Third Phase (Alternative prioritization): the priorities of each alternative, previously identified in the First Phase of this integration, are calculated. Then, be a set of f alternatives, where f=1, 2,…n, we have that each f is related to a priority P(f) within a range of 0 to 1 and obtained through equation 1.
where f is the alternative number and ψ f w is the priority of the last level of criteria w in the AHP hierarchy that is obtained through equation 2 as following:
where Φ w s is the relative priority of the criteria w in the level s (s ∈ {1, 2, …., nl}) of the AHP hierarchy; Fourth Phase (Priority Analysis and alternative selection): using thematic maps the decision-group can reach the best decision by analyzing and comparing the different influences of each criteria.
Within this integration, the interaction between GIS and the decision-group is one of the most significant aspects. This interaction occurs in 8 steps as shown in Figure 2 .
Firstly, the decision group accesses GIS in order to obtain Fourth Phase information to be used in the definition of the hierarchical decision structure (step 1). Next, in step 2, the judgements are conducted, but if the decision-group needs additional information then geo-spatial queries can be used as represented in step 3. This step can be repeated as much as needed and complementary data can be retrieved in order to eliminate doubts. In the sequence, the priorities are calculated in step 4 and then they are transferred to GIS database (step 5). Thematic maps are created in step 6 based on the final priorities. In step 7, the decision-group discusses the thematic maps in order to verify eventual problems or inconsistencies. At this point, the decision-group can either reach the final decision (step 8) or restart the process (step 1) or make the improvement of the judgements (step 2 and 3). Along the interaction, it can be noticed that according to the data requirements from the decision-group the whole process can be adjusted and this may lead to a better decision at the end.
It is important to clarify that the application of this integration depends on previous organization and construction of a GIS database. Such a database can be either a part of a whole project that uses the data for multiple purposes or specifically developed to solve one problem. It is clear that the construction of a specific database will lead to the obtainment of data and consequently generating wasting time and financial resources. We will not be dedicated to the discussion of this matter but one has to be concerned that specific problems do need special data. For instance, the characteristics of the RS data (scale, resolution, cover area, etc.) depend on the objectives of the decision process, i.e., when analyzing regional or local problems the definition of suitable data has to be adequately identified.
-Case Study:
In this section, the AHP-GIS-RS integration is applied in solving a real problem related to the selection of a terminal location. We use as an example the location determination of a postal freight terminal in an urban area as part of the Brazilian Postal and Telegraphic Enterprise (ECT). This decision is fundamental in ECT operations since it affects the structure of production and as consequence the cost of the postal service.
In the freight operations of ECT, many types of terminals are used but we concentrate on the analysis in a specific type called Dwelling Distribution Center (DDC). This terminal is a small terminal used in the transshipment of postal freight (letters, small parcels, telegrams, etc) when a large amount of consolidated freight comes from bigger terminals. For instance, in a metropolitan area firstly the postal freight originated from other cities is gather together in main terminals (Operation Center -OC and Selection Center -SC), where they suffer an initial treatment. In the sequence, the postal freight is moved to DDC where it is again organized according to the type of the freight (urgent, special or common) and the destination inside the DDC area. Finally, for each district (zone of collection/distribution on foot) and circuit (route of collection/distribution by motorbikes and small trucks or vans), respectively, postmen and drivers of vehicles process the delivery. In some cases, due to long distances, postmen use public transportation system (bus, subway, train, etc), which allows a faster and economical displacement to reach the district. After the completion of the distribution, the collection activities start in order to continue the whole process of postal freight transportation. So, postmen collect letters from the mailboxes and vehicles are dedicated to transport bigger parcels from the post offices to the DDC. This freight is assembled at DDC and then transferred to the main 
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terminal of the metropolitan area. This collection/distribution (C/D) process is presented in Figures 3 and 4 . It is important to make clear that DDCs have a totally different role of post offices, which are dedicated just to receive all types of postal freight and services. This separation is usually necessary since post offices are located in areas of extreme concentration of urban activities in opposition to DDCs that can be located according to logistical definitions.
Since DDC provides the necessary facilities to integrate different transportation modes, cost reduction can be obtained through optimal use of resources (staff, gasoline, material, etc) and movements of C/D activities. In this context, DDC location is one of the variables to obtain such optimal cost. If freight demand and / or other external condition suffers variation along the time, the DDC related resources (vehicle and general equipment, personnel and physical space) have to be reorganized in order to reach better services and costs, as well the terminal location 17) . DDC location is affected by rental and delivery (postmen and vehicle) costs, which are dependent on demands and transportation infrastructure (streets, roads, walkways, etc).
According to reports of the company 18) , in recent years many variations have been observed in the operational conditions, which its technical staff should evaluate in order to verify, for instance, the DDC location. However, it can be easily verified that there is not an instrument to process such an evaluation considering the most important factors affecting the location of the terminal. The methodology currently used by ECT just analyzes the demands in the service area without using any mathematical model and this analysis is conducted in long-term periods due to the limitations of resources in the technical section 19) . This leads to the necessity to apply not only the correct and frequent evaluation but it is also essential to explore the limited resources without the creation of additional costs.
It would be quite natural to apply location models as described by Novaes 11) , but that would not be appropriate. Firstly, these models do not consider important factors such as demand, the conditions of the traffic system and geo-spatial restrictions. Moreover, if it was decided to simulate the network of ECT related to DDC operations, the basic formulation of traditional models is not suitable. Traditional models are devoted to solve the location problem through the minimization of distances (costs) in the displacements from the terminal to points of attendance, which is not the case Regarding that ECT needs an instrument to process decisions in a strategic level of planning, we propose the application of AHP-GIS-RS integration to identify potential areas to implement DDC in Sobradinho City, Federal District, Brazil. In this city, which is located 24 Km from Brasilia and has a population of 93.000 habitants occupying an area of 569,37 Km 2 20) , ECT's operations cover 15 districts, 1 post office and 2 circuits. The current location of DDC is in the commercial area inside the district 11 as shown in the Figure 5 . A decision group was defined with 7 technicians to whom we described our proposal and the integration as an instrument to help in the decision-making. As it was not our purpose to compare with other formulations (location models and methodologies), we did not discuss AHP neither the integration by itself.
To conduct the application without additional costs, a previous GIS database was used. The digital base (coordinate system UTM) containing the transportation system, edification and topography iso-lines and a group of six aerial photographs was also used composes this database. The Development Company of the Federal District (CODEPLAN) provided both sources of data without costs. Additionally, the main characteristics (districts delimitation, location of mailboxes, circuits definition, public transportation by bus, traffic system) of the service area in Sobradinho City were digitalized. GIS database and operations were supported by MSQL and MGE software using a PC-Workstation 300 MHz.
Firstly the interpretation of the aerial photographs was conducted in order to select the potential alternatives. Following the principles described by Avery and Berlin 21) , five categories of land use patterns were identified (Residential Simple and Multiple, Commercial, Special and Service areas). In the sequence, we concentrated on the analysis of Commercial areas since DDC can be only implement in such areas. Thus, we verified 19 alternatives (f=19) of Commercial areas that were subclassified in 3 classes (Local commercial area; Special commercial area; and Mixed commercial area) as shown in Figure 6 . To obtain these alternatives, the proximity to streets / avenues, the characteristics of land use patterns and spatial distribution (distance) were geared.
Next, the decision hierarchy was defined. Mainly considering the basic concepts of the current methodology of ECT and the information retrieved from GIS database, the decision structure in Figure 7 was reached. The role of GIS database was remarkable, since the decision-group has never experienced such interaction for decision matters and many times they expressed the positive influence in their activities. For instance, when discussing specific criteria such as freight demand, the mosaic of aerial photographs visualized in GIS brought decisive information into their evaluations. The selected criteria are described below:
Land Use -intends to quantify the freight demand around the potential alternative; Topography -evaluates the conditions of movements in freight operations (postman and vehicles displacements) since the slope variation contributes to generate additional energy requirements; Distances -quantifies the displacements from the potential alternative to the districts of Collection / Distribution activities; Transportation System -considers the existence of the system, in special it is evaluated the bus routes and traffic system; and Rental cost -as the DDC is always rented such cost has to be carefully analyzed. In this hierarchical decision structure, it can be observed that the criteria reached only one level of sub-criteria. This is due to the consideration by the decision-group that additional levels would not significantly contribute to the final decision. For instance, the transportation system criteria is divided in two sub-criteria, but bus sub-criteria could be analyzed according to the types of bus routes. In the same direction, we could judge the traffic system depending on the functionality of each segment of the network. However, the decision-group opted to establish a simple structure, that is still an hierarchical structure not depending on its complex subdivisions as we can observe in Satty 15) . Obviously, for different applications more detailed decision structures may be necessary, but fortunately this was not the case.
In the sequence, we mediated the discussion and the judgements of all the criteria. During the judgement, it was necessary to obtain more information about the service area, especially those related to the topography criteria. In this sense, we used the Digital Terrain Model (DTM) and a slope map of the city created by a terrain analysis module of the GIS software. Moreover, the decision group asked for the exact distances from potential alternatives to the districts, which was obtained from a network analysis. In the judgment of the Land Use criteria, we applied the methodology developed by Taco et al. 22) in order to evaluate the freight demand. This methodology establishes that according to the occupied area of land use patterns the demand can be defined. Finally, rental costs for each alternative were also obtained through rental agencies of Sobradinho City. For each criteria, we constructed thematic maps that were adjusted until the decision-group reached the common sense. Applying the equations 1 e 2, the final priorities P(f) were reached as shown in Figure 7 and Table 2 .
Considering the results expressed in Figure 8 , some analysis can be conducted on the final priorities and the judgement process. Analyzing the numerical values for each criteria it can be verified that Topography was the greatest value (39.09%) showing its importance in the decision-making. On the other hand, the alternatives 14, 15 and 16 are those with highest priority due to a positive evaluation for almost all criteria excepting only External distance and Rental cost. This best set (14, 15, 16 ) is due to the proximity to great freight attraction / generation areas and to its topographical condition (on the highest region of the city). Moreover, it has a great advantage because of the road system and the variety of bus lines as well as the proximity to the city bus terminal. The final priority map leads to the recommendation of the potential alternatives 14, 15 and 16. Despite of understanding of the results, the judgement process was an essential part of the decision-making. The decisiongroup was able to interact and ask for additional information that was crucial to reach the final decision. This is the case of the Topography criteria, which could not be correctly evaluated without the DTM. 
-Discussion and Conclusion:
For a long period, the conception of transportation planning models has been limited by computational capabilities. Basic operations such as storage, organization and mathematical manipulation were often used to process a large amount of data. Nevertheless, they could not contribute with nothing more than this since the geographical-spatial reality was not possible to be considered due to a very restrict conception of database for those application. Consequently, tools could not be developed and models stayed in a conservative stage, just manipulating numeric data and generating a lot of results, which sometimes were meaningless.
The advent of GIS and gradual development of a new frontier is now possible to be seen. Its rare capability to conduct spatial analysis can lead to the reduction of time and money in exploring a rich source of geographical-spatial data: RS. In addition, a new generation of transportation models can be foreseen in opposition to traditional approaches more concerned on the analytical processing than the discussion and solution of problems. Along this direction, it is essential to understand the potential inside new technologies such as GIS and to bring it together to develop efficient and consistent evaluations and modelling. This research tried to follow previous work carried out by Yamashita et al. 23) , which already showed promising results in terms of future perspectives.
This paper reported AHP-GIS-RS integration as a hierarchical and georeferenced approach to support decision-making activities. In this integration, AHP contributes to processing geo-spatial data under a decision framework combining the information and an intelligent feature in the decision process. This integration is conducted through the construction of thematic maps generating a simple and efficient instrument of analysis without any complex mathematical formulations and procedures. Specifically about the decision context, it leads to an evaluation that can process both qualitative and quantitative information, which are useful to extrapolate the conception of cost -benefit analysis.
The application of the integration in a location problem proved to be a valid instrument to evaluate areas to implement a DDC terminal. The selection of potential locations by itself is vital not only because it defines a limited number of alternatives to implement the terminal, moreover it computes the most important factors influencing the decision in a strategic planning level. Hence, it generates a satisfactory explanation of the problem and a strong indication regarding the best location. It shows that if a planner needs an instrument to decide quickly and securely about a location, this level of analysis can lead to very interesting result without consuming more time in further analysis.
Besides the success of this application, it is important to highlight the large variety of possible developments in other problems. The integration of AHP-GIS-RS was designed to be general and applicable in any type of problem in transportation planning, since we were mostly concerned with the basic conception in opposition to specific requirements. In this sense, we have worked in totally different applications such as attraction analysis of urban travels and route definition for public transportation. These studies have showed the efficiency and importance of the AHP-GIS-RS integration to solve traditional problems in day-to-day activities of transportation planners. 
